Background and aims: The strong clinical association between primary sclerosing cholangitis (PSC) and ulcerative colitis (UC) suggests common factors in their pathogenesis. Smoking, previous appendectomy, and tonsillectomy have been associated with a decreased risk of developing UC. In this study, our aim was to examine these risk factors in patients with PSC with and without underlying inflammatory bowel disease (IBD). Methods: The smoking habits and history of previous appendectomy and/or tonsillectomy of 170 patients with PSC, 41 without underlying IBD, 170 patients with UC but normal liver function tests, and 170 age and sex matched community controls were obtained by questionnaire.
P rimary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease characterised by a progressive obliterating inflammatory fibrosis of the intrahepatic and extrahepatic bile ducts. Loss of functioning bile ducts leads to biliary cirrhosis and eventually hepatic failure. The cause is unknown but the observation of abnormal immune regulation and genetic associations 1 with particular class I and II HLA genes suggests an immune mediated basis for this disease. The prevalence of ulcerative colitis (UC) in patients with PSC has been reported as 44-98%. [2] [3] [4] [5] Conversely, about 2-5% of patients with UC have concomitant PSC. 6 7 The strong clinical association between PSC and UC suggests common factors in the pathogenesis of both diseases.
The cause of UC is also unknown but two environmental factors have been associated with a decreased risk of developing this disease. Firstly, a number of case control studies, 8 listed in table 1, [9] [10] [11] [12] [13] have shown that current smokers are less likely to develop UC than non-smokers and suggest that smoking offers a protective effect against the development of UC. Patients with UC who are ex-smokers usually develop the disease within a few years after they stop smoking 14 but the evidence that former smokers are at increased risk of developing UC compared with those who have never smoked is conflicting. [10] [11] [12] Although the constituents of cigarette smoke responsible for the protective effect have not been identified, a placebo controlled randomised trial showed that transdermal nicotine used in the treatment of active UC produced clinical, endoscopic, and histological improvement. 15 In contrast, a recent open label small pilot study of transdermal nicotine in PSC showed no benefits in terms of symptoms or liver biochemistry. 16 Secondly, a negative association has been reported between previous appendectomy and the risk of developing UC 17 (see table 1 ). [18] [19] [20] [21] [22] [23] [24] [25] [26] Although some of the studies did not distinguish between primary appendectomy (surgery for appendicitis) and incidental removal of the appendix for other reasons (such as during a colectomy), the risk of developing UC was 2-50 times lower in subjects who had undergone appendectomy compared with subjects with the appendix in situ. If appendectomy protects against the development of UC, then removal of other mucosa associated lymphoid tissue such as the tonsils may offer a similar protective effect.
In the present control study we compared the smoking habits and history of previous appendectomy and/or tonsillectomy in a group of patients with PSC with a group of patients with UC and a control group. The purpose of the study was to determine if the relationship between PSC and cigarette smoking is similar to that found between smoking and UC and to examine if any effect of cigarette smoking on PSC is independent of the effect of cigarette smoking on UC. We also wished to determine if the surgical procedures appendectomy and tonsillectomy, which may deplete the mucosal associated lymphoid tissue, are protective against the development of PSC.
PATIENTS AND METHODS

Subjects
A total of 176 patients with PSC were identified: 99 patients under follow up in the liver and inflammatory bowel disease (IBD) clinics and/or on the PSC database at the Oxford Radcliffe Hospital and 77 members of the National PSC Patient Group under the care of a variety of institutions. A questionnaire was sent to all patients during the period August 1997 to January 1999. Two patients (from the National PSC Group) were excluded from the study because the diagnosis of PSC was uncertain (based on clinical features only). Four patients were excluded because their general practitioner was unable to provide a list of suitable control subjects, as detailed below. All 170 patients included in this study had a diagnosis of PSC based on established clinical, biochemical, and radiological criteria. The majority of patients under the care of the Oxford Radcliffe Hospital and most of the others had also undergone at least one liver biopsy for diagnostic and staging purposes. One hundred and twenty nine patients (76%) had underlying IBD of whom 116 (68%) had UC and 13 (8%) had Crohn's disease. Two thirds of PSC patients were male. Other characteristics of the patients are given in table 2. A total of 170 patients with a diagnosis of UC, matched for age, sex, and area of residence to the PSC patients were selected from the IBD database at the Oxford Radcliffe Hospital. UC patients with abnormal liver function tests were excluded from this cohort. Where a suitable match proved impossible, the PSC patient's general practitioner (primary physician) was asked to provide the name and contact details of the next same sex patient alphabetically in his practice with a diagnosis of UC and of a similar age (within a five year band) to the PSC patient. If it proved impossible to obtain a reply from the first UC patient identified, the next patient age and sex matched to the index PSC patient was contacted. We found that 153 (90%) first named UC patients replied and only 17 could not be contacted or declined. All 17 of the second named UC patients answered.
No institutional or clinic based controls were used. Instead the general practitioner (primary physician) of each PSC patient was contacted and asked to provide the name and contact details of the next three same sex but unrelated patients listed alphabetically on his practice list of a similar age (within a five year band) to the index PSC patient. Only four general practitioners were unable to provide a list of control subjects and as a result four PSC patients were excluded from the study. The first named control subject was contacted and if a reply was not received after four attempts (two mail, two by telephone) or the subject declined, the second named control subject was contacted, and so on. We found that 152 first named controls (90%) replied, the remainder either could not be contacted or declined. Fourteen of 18 of the second named controls participated and it was only necessary to contact the third named control in four cases. None of the control subjects had underlying IBD.
Data collection
Detailed smoking information was obtained via a specially designed and ethically approved questionnaire. All subjects (PSC, UC, and controls) received identical questionnaires. The questionnaire included sections on:
• Brief medical history
• Current smoking habits (duration, amount, type)
• Previous smoking habits (duration, amount, type, date, and reason for cessation) • Previous history of surgery (appendectomy, tonsillectomy, splenectomy, colectomy, other) • Occupation Based on this questionnaire, PSC and UC patients and controls were divided into never, former, or current smokers and into subjects with or without a previous history of appendectomy or tonsillectomy.
Statistical analysis
The relative frequencies of smoking behaviour, appendectomy, and tonsillectomy between study groups are expressed as odds ratios based on a matched 1:1 conditional logistic regression model. The corresponding 95% confidence intervals (CI) are given. A separate analysis was performed on the PSC group depending on the presence or absence of IBD. PSC patients with underlying Crohn's disease were not subjected to a separate analysis because of the small sample size but these patients were included in the analysis of the whole PSC group.
To determine whether a significant prevalence versus incidence bias could be a confounding factor in this study, the relative frequencies of smoking behaviour, appendectomy, and tonsillectomy were also analysed in each study group stratified according to the duration between time of diagnosis and collection of the data (completion of the questionnaire). A similar analysis was performed with patients in each in the PSC groups stratified according to whether they were recruited from the hospital PSC database or through their membership of the National PSC Patient Support Group.
RESULTS
Fifty six per cent of PSC patients included in the study were recruited from the liver and IBD clinics at the Oxford Radcliffe Hospital while the remainder were members of the National PSC Support Group. Also included were 170 UC patients and control subjects matched for sex, age (±5 years), and geographical locality. Approximately two thirds of PSC patients and hence the matched UC patients and controls were male. Three quarters of PSC patients had underlying IBD; the majority had UC (68%) and a small number had Crohn's colitis (8%). In PSC patients with IBD, most had total colitis (79%). In 86% of PSC patients with IBD, UC or Crohn's had been diagnosed prior to the development of their liver disease. In 10% of patients, PSC was diagnosed at the time of their first presentation with IBD while a diagnosis of IBD only occurred after that of PSC in 4%.
Forty one patients with PSC (24%) included in this study had no underlying IBD. Thirty of these patients had at least one colonoscopy with a series of biopsies (median per patient 1, range 1-3). The remainder had at least one flexible sigmoidoscopy with a biopsy series and a barium enema (median per patient 1, range 1-4). To show that the absence of a concurrent diagnosis of IBD was not related to short and inadequate follow up, the median duration of follow up after the first hospital visit was noted to be 8.5 years in PSC patients without IBD compared with a median of 5.5 years in PSC patients with IBD.
Smoking habits
The frequency of cigarette smoking among all PSC patients compared with their matched controls is given in table 3. A total of 112 PSC patients (66%) had never smoked compared with 66 controls (39%). Only 12 PSC patients (7%) were current smokers versus 43 controls (25%). The resultant odds ratio was 0.17 (95% CI 0.08-0.35) for current smokers and 0.33 (95% CI 0.21-0.52) for ever (former+current) smokers. If smoking habits were analysed separately in PSC patients with and without IBD, as in table 4, even fewer current smokers (5% v 26%) and greater numbers of never smokers (68% v 37%) were noted in patients with PSC alone compared with controls. To exclude the possibility that the paucity of current smokers among PSC patients may have resulted from patients changing their smoking habits due to concern about their liver disease, the questionnaire asked patients their reason for cessation of smoking. Forty two of the 46 former smokers (91%) ceased smoking more than a year prior to their diagnosis of PSC for a variety of reasons, usually unrelated to health concerns. Compared with never smokers, the odds of having PSC alone was one tenth and of having PSC and IBD one fifth as great among current smokers (p<0.05 and <0.001, respectively). There were also significantly decreased odds of having PSC with IBD among former smokers (p<0.05, table 3). There were insufficient numbers of PSC patients with Crohn's disease to analyse these separately. Table 5 gives the frequency of cigarette smoking among PSC patients compared with their matched controls stratified according to the time from diagnosis to participation in this study (0-6 years; 7-12 years; over 12 years). Although the number of patients included in each of the levels of stratification was inevitably small, the odds of having PSC among current and ever (current+former) smokers was significantly decreased in all three stratification groups. In a separate analysis, the smoking habits of patients recruited from the PSC database were comparable with those patients recruited from the National PSC Patient Support Group. The frequency of current smoking among UC patients (12%) was also significantly decreased compared with controls (25%) (p<0.05, table 6). Subgroup analysis according to the extent of colitis showed no difference in smoking habits between patients with left sided colitis compared with total colitis (data not shown). Similarly, smoking habits remained unchanged with increasing duration of disease (stratification according to length of symptoms, data not shown). In contrast with the PSC group, there was no significant decrease in the numbers of former smokers in the UC group compared with controls, although the odds of having UC was significantly reduced among UC patients who had ever smoked.
Appendectomy
Thirty five PSC patients (20%) and 30 UC patients (18%) had undergone an appendectomy compared with 22 controls (13%). Eleven PSC patients and 10 UC patients had appendectomy as part of a colectomy after the diagnosis of UC. Once these had been excluded, the frequency of primary appendectomy was similar among PSC (14%), UC (12%), and control (13%) groups. The odds ratio for previous appendectomy was 1.11 (95% CI 0.57-2.2) and 0.9 (95% CI 0.45-1.79) in the PSC and UC groups, respectively. Following stratification of PSC and UC patients for time since diagnosis, the frequency of primary appendectomy was similar in each group.
Tonsillectomy
Compared with controls, the frequency of previous tonsillectomy was significantly reduced in the PSC group (21% v 31%; odds ratio 0.57, 95% CI 0.34-0.96, p=0.05) but not in the UC group. When the PSC group was stratified according to duration of disease, the frequency of previous tonsillectomy was significantly decreased compared with controls only in PSC patients in the over 12 years from diagnosis group (17% v 34%; odds ratio 0.4, 95% CI 0.16-0.98, p<0.05). All reported tonsillectomies preceded the diagnosis of PSC or UC.
DISCUSSION
The principle finding of our case control study of smoking habits in PSC patients with and without IBD was that fewer PSC patients currently smoke or have ever smoked than controls. This observation has been previously reported in both PSC and UC. 9 12 17 27 28 Previous studies have however failed to show that the inverse association between current smoking and PSC is independent of and not secondary to the protective effect of smoking on UC. 27 28 In this study the odds of having PSC with and without IBD was significantly decreased among current smokers and those who have ever smoked compared with never smokers. In the present study, current smokers were 10 times less likely to develop PSC without IBD, five times less likely to develop PSC and IBD, but only three times less likely to develop UC alone compared with never smokers. Ever (current+former) smokers were just over three times less likely to develop PSC without IBD, two and a half times less likely to develop PSC and IBD, but only one and a half times less likely to develop UC alone compared with never smokers. Former smokers were also less likely to develop PSC. In this study the risk of former smokers developing UC was not significantly decreased nor was it significantly increased, as suggested in some studies. 10 11 13 Smoking offers greater protection against developing PSC than UC. The protective effect of smoking on the development of PSC cannot be attributed solely to the inverse association between smoking and UC but is, at least in part, independent of it.
To exclude the possibility that the inverse relationship between smoking and PSC may be explained by PSC patients altering their smoking habits after they were diagnosed, we examined the timing of smoking cessation in former smokers. The majority of former smokers in both the PSC and UC groups ceased smoking more than one year before the diagnosis of either PSC or UC was made. Furthermore, in both the PSC and UC groups never smokers as opposed to former smokers were overrepresented. In the PSC group the odds ratio of having PSC among former smokers was significantly reduced compared with never smokers. The protective effect of smoking on the development of PSC or UC could not be attributed to alterations in smoking habits following diagnosis in these patient groups.
In case control studies selection of controls is important. Previous studies of smoking and PSC have used institutional or clinic based controls. 27 28 Although matched to PSC patients for age and sex, both important factors influencing smoking behaviour, the use of clinic based controls in these studies may have artificially increased the rate of current smokers in the control group and so exaggerated the reduced risk of PSC among current smokers. Certainly in the Dutch study 27 a much higher percentage of current smokers was reported in the control group than in the present study (38% v 25%). This difference may be explained in part by variations in national smoking habits although selection bias cannot be excluded. In the present study controls were obtained from the PSC patients' community, were identified using the same criteria by practitioners who were not involved in the study, and as a consequence were matched not only for age and sex but also for geographical locality. Inclusion of a high proportion (44%) of PSC patients from outside the region and matching their controls to their locality reduces the potential effect of referral bias on our results. The same questionnaire was posted to all three groups and data were collected from these and not the clinic notes to avoid the risk of data collection bias.
Although the subgroup of PSC patients without IBD was small in number, we believe the lower than expected numbers of current smokers in this group indicates a genuine protective effect of smoking on the development of PSC. Crucial in the assessment of whether smoking has an independent effect on the development of PSC is to identify sufficient numbers of subjects with PSC but without underlying UC. The diagnosis of UC must be confidently excluded in the PSC population. Data from the studies of Perdigoto and colleagues 29 and others suggest that in PSC, UC is quiescent in the majority, and in nearly a quarter of PSC patients the rectum is spared. Double contrast barium enema alone is insufficient to screen for UC; flexible sigmoidoscopy to the splenic flexure is a minimum requirement although full colonoscopy with biopsies is preferable. Three quarters of patients within our "PSC without IBD group" had at least one full colonoscopy with a biopsy series. All of the remainder had at least one flexible sigmoidoscopy with a biopsy series and double contrast barium enema. None of the patients reported symptoms of or developed signs of colitis in a median follow up period of 8.5 years. As asymptomatic UC in PSC is rare 29 and all patients had at least one endoscopic evaluation of their colon, we were confident that UC had been excluded in this subgroup.
Given that PSC is a relatively uncommon liver disease, we used prevalent cases in this case control study. Such a strategy may introduce prevalence bias as a result of the time gap between onset of the condition and selection of subjects for the study where a high proportion have already died due to the severity of the condition or related complications. The natural history of PSC is variable and unpredictable although the three largest studies 4 30 31 have all shown an estimated median survival of 12 years in symptomatic patients. But nearly half of patients are asymptomatic at diagnosis 31 and even though most will eventually develop progressive disease, their survival rate remains in excess of 70% at 16 years from diagnosis. 32 While the development of cholangiocarcinoma can complicate the course of the disease in 6-15% of PSC patients, 5 the annual incidence in PSC is low (∼1% or less).
33
PSC patients who are current or former smokers are at increased risk of developing hepatobiliary cancer. 34 To determine if prevalence bias may be a confounding factor in this study we stratified the study groups according to time from diagnosis to completion of the questionnaire and examined the association between smoking habits and history of previous appendectomy and/or tonsillectomy with each individual stratum. The odds of having PSC among current and ever (current+former) smokers was significantly decreased in all three stratification groups and there was no significant difference in the proportion who had never smoked between the groups. If this study were merely identifying smoking as a prognostic factor, we would expect an excess of patients who had never smoked in the group over 12 years from diagnosis. The absence of any significant difference in smoking habits within the three stratification groups suggests that time from diagnosis to inclusion in this study was not a confounding variable and there was no prevalence bias in this study. A number of case control studies have shown a weak negative association 18-23 26 between previous appendectomy and the risk of developing UC. A recent cohort study 35 found that appendectomy for an inflammatory condition (appendicitis or lymphadenitis) but not for non-specific abdominal pain was associated with a lower risk of subsequent UC. Although some of the studies did not distinguish between primary appendectomy (surgery for appendicitis) and removal of the appendix during another procedure (such as colectomy) the risk of developing UC was 2-50 times lower in subjects who had undergone appendectomy compared with subjects with the appendix in situ. In several studies, 19 22 23 including Rutgeerts' study 17 in Belgium showing a stronger negative association (relative risk of UC developing in subjects after appendectomy was 29 times lower relative to the risk in subjects with the appendix intact), the appendectomy rate in the control group was very high. The appendectomy rate in our control group (13%) was close to the prevalence reported in several British studies (15%). We were unable to demonstrate a significantly lower frequency of patients with a history of previous appendectomy in either the PSC or UC group versus controls.
It is proposed that appendectomy may protect against the development of UC by depletion of mucosal helper T cells with alteration in the balance between helper and suppressor T cells. If appendectomy offers such protection, removal of other mucosa associated lymphoid tissue such as the tonsils may offer a similar protective effect. A number of studies have shown that tonsillectomy does not influence the occurrence or mode of presentation of UC. 18-20 24 36 Mucosal T cell activity has an even more critical role in the pathogenesis of coeliac disease but one study has shown that resection of mucosa associated lymphoid tissue does not influence the occurrence or mode of presentation of adult coeliac disease. 37 We found a marginal but significant reduction in the frequency of previous tonsillectomy in the PSC group (21% v 31%; p=0.05) but not in the UC group. When patients were stratified according to time from diagnosis to completion of the questionnaire, the frequency of previous tonsillectomy was significantly decreased compared with controls only in PSC patients in the over 12 years from diagnosis group (17% v 34%; p<0.05). Although this finding may suggest a small protective effect of tonsillectomy on the development of PSC, tonsillectomy generally occurs in childhood or early adulthood and we were not able to exclude recall bias by cross checking whether patients had a tonsillectomy with another source other than their questionnaire. We believe that the relationship between previous tonsillectomy and PSC warrants further investigation.
The present study does not offer any conclusions on the mechanism by which smoking offers protection against the development of PSC and UC. A number of potential mechanisms have been identified in smokers, including alterations in cell mediated 38 and humoral immunity, 39 intestinal permeability, 40 colonic mucus production, 41 mucosal blood flow, 42 mucosal eicosanoids, 43 44 cytokines, 45 and the adrenal axis. 46 The close clinical relationship between PSC and UC, and the observed negative association between smoking and both diseases suggests that smoking may act through its effects on the cellular and humoral immune system although its effects on the adrenal axis, eicosanoid levels, colonic mucus production, mucosal blood flow, and intestinal permeability may be equally relevant. The independent protective effect of smoking on the development of PSC may rekindle interest in the pathogenesis of PSC in relation to the pathogenesis of IBD and the role of environmental factors such as smoking.
In conclusion, the present case control study shows that PSC like UC is a disease of non-smokers and that smoking has a protective effect on the development of PSC which is independent of whether or not the PSC patient has underlying IBD. Previous tonsillectomy but not appendectomy may also have a protective role but this warrants further study.
